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(57) ABSTRACT 

In a light source apparatus unit, the light source produces 
White light that is obtained through a light emission caused 
by ionization of a gas, With laser light being emitted from a 
semiconductor laser. The light source of such White light can 
be treated practically as a point light source. In addition, the 
White light has a uniform band level in a visible light band. 
Further, an image display apparatus is composed such that 
monochromatic light for a color image is taken out from 
such White light to be displayed. With respect to an image 
displayed by the image display apparatus, a pixel can be 
made small to the extent to approximate the light source. 
Furthermore, the monochromatic light displayed is almost 
uniform in a balance of light emitting intensity Without 
dispersion. 
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LIGHT SOUCE APPARATUS AND IMAGE 
DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a light source 
apparatus and an image display apparatus including the light 
source apparatus. 

[0003] 2. Description of the Related Art 

[0004] There have been knoWn various kinds of image 
display apparatuses having a unit as a light source (lamp) 
and displaying an image using light projected from this light 
source. 

[0005] MeanWhile, the light source adapting a principle of 
an incandescent lamp or a ?uorescent lamp is Well knoWn as 
a kind of such light source having an electrode. In an 
incandescent lamp, the electrode emits light When an electric 
current is applied to the electrode such as a ?lament. Also, 
the ?uorescent lamp performs electric discharge betWeen the 
electrodes and emits visible light by irradiating an ultraviolet 
ray acquired from this electric discharge on a ?uorescent 
substance. 

[0006] In addition, a so-called electrodeless discharge 
lamp is knoWn as a light source having no electrode. Such 
electrodeless discharge lamp is structured such that an 
electromagnetic Wave is generated by an electric current of 
high frequency through an application of a principle of 
electromagnetic induction and the ?uorescent substance 
inside a glass tube is made to emit light by this electromag 
netic Wave. 

[0007] Further, there is also knoWn a structure of a lamp, 
in Which laser light is irradiated on an incandescent emitter 
or an electron emitter to be heated and this incandescent 
emitter or electron emitter is made to emit the light (refer to 
Patent reference 1). 

[0008] [Patent Reference 1] 
[0009] Japanese Laid-open Patent Application No. H06 
243845 

[0010] For example, When the light source is used in a 
color image display apparatus, it is desirable that a band of 
visible light is made as uniform as possible, by reasons that 
an intensity balance among monochromatic rays required for 
a color image can be easily obtained and also a design can 
be simpli?ed. 

[0011] Further, as an image display apparatus, there is a 
case in Which the light source is required to be a point light 
source as small as possible. 

[0012] Furthermore, as a basic feature, it is desirable that 
the light source has as a longer operation life as possible. 

[0013] HoWever, ?rst, in case of the incandescent lamp for 
example, it is necessary to raise a temperature of the 
electrode in order to make the band of visible light uniform; 
hoWever, in order to raise the temperature, an amount of 
applying electric current must increase and therefore, poWer 
ef?ciency may become deteriorated. Moreover, since the 
electrode as a light emitting source has a limited siZe but the 
siZe of the electrode of the incandescent lamp is comparably 
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large, the siZe of the electrode is the minimum and is not 
used as the point light source, even though the light is 
condensed. 

[0014] Further, theoretically it is much difficult for the 
incandescent lamp to attain a longer operating life, because 
the electrode is Worn and damaged to emit no light at a 
comparatively early stage. 

[0015] Moreover, in case of the ?uorescent lamp, it has a 
band characteristic of visible light Which is not excellent at 
the uniformity due to the ?uorescent light based on mercury 
emission line. In addition, also in this case, a Whole ?uo 
rescent tube as the ?uorescent lamp is a light emitting 
source, Which is not a point light source. 

[0016] Furthermore, since a high-speed pulse drive is 
theoretically dif?cult, response sensitivity is very loW con 
sidering a control over emission/non-emission of light in an 
image display level, for example. The same description can 
also be applied to the above described incandescent lamp. 
For example, it is also dif?cult for the ?uorescent lamp to 
attain a longer operating life, and degradation thereof Will 
occur more rapidly When performing the emission/non 
emission of light at a higher speed, for example. 

[0017] On the other hand, the light source of electrodeless 
discharge using the electromagnetic induction is superior to 
the light source having the electrode such as the above 
described incandescent lamp or ?uorescent lamp in terms of 
a considerably longer life expected. 

[0018] HoWever, due to the structure of emitting light 
from a Whole discharge tube, it is dif?cult to make the light 
source of electrodeless discharge be the point light source. 
Further, With the structure of generating the electromagnetic 
Wave by applying an electric current of high frequency, it is 
necessary to control a leak electric ?eld intensity caused by 
a high frequency, and also since the structure is complicated, 
it is dif?cult to make the light source apparatus small-siZed. 

[0019] It should be noted that a structure of making the 
?uorescent substance emit light by colliding electron beams 
from an electron gun With the ?uorescent substance is also 
knoWn in a cathode-ray tube corresponding to the light 
source of the display apparatus. HoWever, the reduction in 
siZe is extremely dif?cult When the Whole cathode-ray tube 
is considered to be one light source, for example. Further, in 
order to display a color image, a structure in Which electron 
beams collide With ?uorescent substances of R, G, and B is 
adopted as Widely knoWn. In this case, it is knoWn that light 
emission ef?ciency is not equal among respective ?uores 
cent substances of R, G, and B. In other Words, in light of 
color image display, a problem similar to the fact that a band 
of visible light of the light source is not uniform has arisen 
as the difference of light emission ef?ciency among respec 
tive ?uorescent substances of R, G, and B. 

SUMMARY OF THE INVENTION 

[0020] Accordingly, in light of the above mentioned prob 
lem, the present invention aims to provide a light source 
apparatus satisfying respective conditions of: having a uni 
form band of visible light, existing as the point light source, 
and having a longer operating life; and also to provide an 
image display apparatus using such light source apparatus. 

[0021] For this purpose, ?rst, the folloWing structure is 
provided for the light source apparatus. 



US 2004/0239894 A1 

[0022] Speci?cally, the light source apparatus includes: a 
semiconductor laser; a laser driving means for making the 
semiconductor laser emit laser light; and a light emitting unit 
in Which a gas is sealed to ioniZe and emit light by an 
irradiation of laser light having a required energy or more 
and Which is formed to irradiate the light, obtained by 
irradiating the laser light With the required energy or more 
emitted from the semiconductor laser to the gas, to the 
outside as the light source. 

[0023] According to the above described structure, the 
light source apparatus of the present invention employs the 
semiconductor laser Which has lately a longer operating life 
as a light emitting source. Further, the laser light emitted 
from the semiconductor laser is made to irradiate onto gas by 
giving an energy required for ioniZing, thereby obtaining the 
light as the light source. In this case, a siZe of the light 
emitting source depends on a Wavelength emitted from the 
semiconductor laser. Furthermore, the light obtained from 
such light emitting phenomenon is the light Which is not 
accompanied by the luminescence of the ?uorescent sub 
stance or the like. 

[0024] Further, a folloWing structure is provided for the 
image display apparatus. 

[0025] The image display apparatus of the present inven 
tion includes a light source unit and an image display unit 
Which displays an image by incident light emitted from the 
light source unit as the light source. 

[0026] Further, the light source unit is composed of a 
semiconductor laser; a laser driving means for making the 
semiconductor laser emit laser light; and a light emitting unit 
on Which the laser light emitted from the semiconductor 
laser is incident and in Which a gas that excites emission of 
White light in accordance With the irradiation of the laser 
light having a required energy or more is sealed to irradiate 
the White light as the light source to the outside. 

[0027] Further, the image display unit includes a mono 
chromatic light generating means for generating monochro 
matic light of a required color from the incident White light 
as the light source and an image light generating means for 
generating visually recogniZable image light from the mono 
chromatic light generated by the monochromatic light gen 
erating means. 

[0028] The image display apparatus according to the 
present invention including the equivalent structure to the 
above described light source apparatus has the structure in 
Which monochromatic light is taken out of the light entered 
from the light source unit as the light source and an image 
light obtained from the monochromatic light is displayed. 

[0029] Herein, light as the light source, Which is emitted 
from the light source unit of the present invention, is not 
accompanied by the luminescence of the ?uorescent sub 
stance or the like as described above, and therefore is not 
affected by non-uniformity of a band of visible light, Which 
originates in the ?uorescent substance. In the case Where 
monochromatic light is taken out of such light, the light 
emission ef?ciency is unaffected by the non-uniformity of a 
visible light band, Which is originated in the ?uorescent 
substance no matter What color of a monochromatic light is 
taken out, as long as it is, for example, Within the range of 
the visible light band. 
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[0030] Furthermore, the fact that light as the light source 
has the siZe of the light emitting source depending on the 
Wavelength emitted from the semiconductor laser indicates 
that it is possible to restore almost to the siZe as this light 
emitting source, When it becomes ultimately the image 
display light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a diagram shoWing an overall con?gu 
ration of an embodiment of an image display apparatus 
according to the present invention; 

[0032] FIG. 2 is a perspective vieW shoWing a structural 
example of a light source apparatus unit in the image display 
apparatus of the embodiment; 

[0033] FIG. 3 is a perspective vieW shoWing a structural 
example of a monochromator/scanner unit in the image 
display apparatus of the embodiment; and 

[0034] FIGS. 4A to 4C are diagrams shoWing modi?ed 
examples of the light source apparatus unit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Hereinafter, an embodiment of the present inven 
tion is explained. As the embodiment, an image display 
apparatus capable of displaying a color image is presented as 
an example. 

[0036] FIG. 1 conceptually shoWs a con?guration of an 
image display apparatus 1 according to the embodiment. As 
shoWn in the diagram, the image display apparatus 1 of the 
embodiment is mainly composed of a light source apparatus 
unit 2, a monochromator/scanner unit 3, and a transmissive 
screen 4. 

[0037] The light source apparatus unit 2 is an apparatus 
unit Which emits and projects White light as a light source. 
The White light projected from this light source apparatus 
unit 2 enters the monochromator/scanner unit 3. 

[0038] In the monochromator/scanner unit 3, a component 
of required monochromatic light is taken out of the entered 
White light to irradiate on a rear surface side of the trans 
missive screen 4. 

[0039] In addition, the monochromator/scanner unit 3 
controls a course of the monochromatic light so that the 
monochromatic light can be scanned in horiZontal and 
vertical directions on the transmissive screen 4, While the 
monochromatic light irradiated on the rear surface side of 
the transmissive screen 4 becomes a spot having a prede 
termined siZe. Accordingly, display image light as a raster 
image of the monochromatic light is projected on the 
transmissive screen 4. A vieWer Watches, from a front 
surface of the transmission type screen 4, the display image 
light thus projected on the transmissive screen 4 as an image. 

[0040] Hereupon, an operation of taking out the mono 
chromatic light component in the monochromator/scanner 
unit 3 is performed according to color data contained in an 
inputted image signal. Further, the horiZontal scan and the 
vertical scan are also performed based on a horiZontal 
synchroniZation signal and a vertical scanning signal Which 
are reproduced from the same image signal. 
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[0041] FIG. 2 shows a structural example of the light 
source apparatus unit 2. This light source apparatus unit 2 is 
mainly composed of a semiconductor laser 10, a drive circuit 
11, and a light emitting unit 20. 

[0042] The semiconductor laser 10 is to emit and output 
laser light LT1 of, for example, a predetermined Wavelength 
and the semiconductor laser 10 is driven by the drive circuit 
11 to emit light. In this case, a pulse drive by a predeter 
mined pulse cycle is performed and therefore With respect to 
the laser light LT1, pulse light emission corresponding to the 
above described pulse cycle is also performed. 

[0043] A cavity 21 of the light emitting unit 20 has a box 
shape of a hexahedron in this case. 

[0044] In addition, an objective lens 31 is attached to one 
side surface of the cavity 21. The objective lens 31 exposes 
an approximately central part thereof to the outside through 
a light pass hole portion 22 Which is formed in the cavity 21. 
In other Words, light can be transmitted through the objec 
tive lens 31 betWeen the inside and outside of the cavity 21 
at a position of the light pass hole portion 22. 

[0045] Further, a collimate lens 32 is attached to one side 
surface next to the above side surface Where the objective 
lens 31 is attached such that an approximately central part 
thereof is exposed to the outside by a light pass hole portion 
23. Therefore, light can also be transmitted through the 
collimate lens 32 betWeen the inside and outside of the 
cavity 21. 

[0046] In a state Where the objective lens 31 and the 
collimate lens 32 are attached in this manner, a predeter 
mined kind of gas 24 is sealed in a space inside the cavity 
21 such that, for example, a predetermined atmospheric 
pressure can be maintained. 

[0047] The laser light LT1 is projected from the semicon 
ductor laser 10 to enter the objective lens 31 through the 
light pass hole portion 22, and then is condensed With 
respect to the space of the cavity 21 to be projected. In 
addition, the laser light LT1 passing through the objective 
lens 31 is made to focaliZe at a position, for example, shoWn 
as a light emitting point Ps in the cavity 21. 

[0048] Energy density of the laser light LT1 becomes 
higher in accordance With convergence of the laser light 
LT1, so that the energy at the condensed position also 
becomes higher. Further in this case, the energy of the laser 
light LT1 Which is suf?cient to ioniZe the gas 24 is obtained 
in a state of being condensed at the light emitting point Ps. 
Accordingly, the gas 24 ioniZes at the light emitting point Ps. 
At this time, since the laser light LT1 is emitted by a pulse 
drive, a relaxation of ioniZation arises in the gas 24; hoW 
ever, a phenomenon of emitting light can be obtained in the 
process of relaxation of ioniZation. 

[0049] In this case, light obtained by the light emitting 
phenomenon due to the ioniZation of the gas 24 as described 
above is so-called White light. The White light is the light in 
Which color components are distributed in a visible light 
band as the band of the light. Then, in this case the White 
light thus obtained is collimated and projected to the outside 
through the collimate lens 32 as shoWn in the ?gure. White 
light LT2 projected through this collimate lens 32 enters the 
monochromator/scanner unit 3. In other Words, this White 
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light LT2 is used as the light source for displaying an image 
in the image display apparatus 1 of the embodiment. 

[0050] Hereupon, in the light source apparatus unit 2 of 
the embodiment having the structure as heretofore 
explained, the White light generated as described above in 
the light emitting unit 20 is the light in Which a spectrum is 
distributed in an approximately uniform level With respect to 
the visible light band betWeen an infrared ray and an 
ultraviolet ray. In other Words, it is not such White light that 
a band level of one color component greatly differs from 
another band level of a certain color component in a band of 
visible light. 

[0051] On the other hand, When an ultraviolet ray gener 
ated, for example, by an electric discharge is irradiated on a 
?uorescent substance so as to obtain White light by making 
the ?uorescent substance emit light or an electrode such as 
a ?lament is made to emit light as represented by an 
incandescent lamp or the like, there arises dispersion With 
respect to the distribution of visible light band inherent in 
those ?uorescent substance and electrode. In other Words, 
the uniform distribution in the visible light band as the above 
embodiment can not be obtained. 

[0052] Also, although the White light emitted as described 
above has a light emitting source of the light emitting point 
Ps, the light emitting point Ps in this case is speci?cally the 
focal position of the laser light LT1. 

[0053] Therefore, one of the elements Which determine the 
spot siZe of the laser light LT1 at this light emitting point Ps 
is a Wavelength of the laser light LT1. Also, another element 
is NA of the objective lens 31. 

[0054] Accordingly, in the case Where the focal position is 
made to be the light emitting source in the embodiment of 
the present invention, a siZe of the light emitting source can 
be set by the selection of the Wavelength of the laser light 
LT1 and the NA of the objective lens 31. In addition, in case 
that this focal point is the light emitting source, the mini 
mum siZe of the light emitting source can be set. 

[0055] The siZe of the light emitting source set in this 
manner can be easily made in a range approximately from 
several micrometers to less than one micrometer at present. 
Then, if the siZe of the light emitting source is around this 
range, it can be practically handled as a so-called point light 
source. 

[0056] Further, the siZe of the light emitting source is not 
necessarily made into the minimum siZe Which corresponds 
to the focal point as long as suf?cient energy of the laser 
light for ioniZing the gas 24 can be obtained. Speci?cally, 
according to the embodiment of the present invention, While 
a case Where the light emitting source is made to be the focal 
point is the minimum siZe of the light emitting source, it is 
also possible to set the siZe of the light emitting source larger 
than this, as need arises. 

[0057] Furthermore, according to the above described 
light emitting principle, a component of an ultraviolet ray is 
excluded from the White light generated in the light emitting 
unit 20. In other Words, safety Will also be secured Without 
any component of a detrimental light beam. Moreover, a 
?uorescent substance or the like is not required and there 
fore, since a noxious material such as mercury for example 
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is also not used, the safety is reliably secured from this vieW 
point and it is friendly to the global environment. 

[0058] Further, according to the structure of the light 
source apparatus unit 2, a simple con?guration is employed 
With respect to the light emitting unit 20 in Which the 
semiconductor laser 10, the drive circuit 11 for driving 
thereof, the objective lens 31, the collimate lens 32 and the 
like are attached and the gas 24 is sealed to form the cavity 
21. In other Words, since the structure is simpli?ed and 
therefore, a design and manufacturing can also be performed 
easily and ?exibly, a reduction in cost can also be attained. 

[0059] In addition, it can be understood from the expla 
nation heretofore provided that main functions of the cavity 
21 are making the laser light be capable of irradiating on the 
gas 24 and irradiating the light generated by the ioniZation 
of the gas 24 to the outside, While maintaining the state in 
Which the gas 24 is sealed. 

[0060] Therefore, as long as a portion to transmit the light 
is formed in the cavity 21 so that the light condensed by, for 
example, the objective lens can be irradiated on the gas 24, 
the objective lens 31 may be provided in a state of not being 
incorporated into the cavity 21. The same description can 
also be applied to the collimate lens 32 in this respect. 
HoWever, if the objective lens 31 and the collimate lens 32 
are integrally formed to be incorporated into the cavity 21 as 
is the case of the embodiment, the number of parts forming 
the light source apparatus unit 2 is reduced as a result, and 
it is possible to make the structure simpli?ed and small 
siZed. 

[0061] Also, since only the semiconductor laser 10 Will 
deteriorate in performance by aging With respect to parts 
consisting of the light source unit 2, an operating life of the 
light source apparatus unit 2 may depend upon an operating 
life of the semiconductor laser 10; hoWever, the semicon 
ductor laser 10 in recent years has a longer operating life, for 
example, from several hundreds thousands of hours to 
several millions of hours, Which is ten to one hundred times 
longer in comparison With the ?uorescent lamp. Moreover, 
even if driving such as ?ashing on and off at a high speed is 
repeated, the operating life thereof may be prevented from 
being remarkably short, Which is the case of a ?uorescent 
lamp. 
[0062] Further, since the semiconductor laser 10 performs 
a high-speed response and copes With a pulse drive such as 
high-speed ?ashing, a high ?exibility can also be given to a 
driving method. This leads to the fact that the high-speed 
response can be obtained When performing a moving image 
display. 
[0063] Furthermore, as a semiconductor laser, there is one 
Which can be driven by a loW electric current of, for 
example, around several milliamperes and When such one is 
selected, poWer consumption in the light source apparatus 
unit 2 can be made very small. 

[0064] Moreover, since heat generated in each of the 
semiconductor laser 10 and the light emitting unit 20 con 
stituting the light source apparatus unit 2 is not considerable, 
such advantages as high ?exibility When actually mounted in 
the apparatus and easy handling, for example, can also be 
obtained. 

[0065] Note that although the kind of gas 24 sealed in the 
cavity 21 is not particularly speci?ed, it is necessary to have 
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a property With Which ioniZation is excited When the laser 
light having energy of a ?xed level or more is irradiated. 

[0066] For example, hydrogen, nitrogen, oxygen, helium, 
argon, krypton, xenon and the like are named as speci?c 
examples; hoWever if nitrogen is adopted in practical use, 
the cost performance Will be improved, because nitrogen is 
less expensive. 

[0067] Further, the atmospheric pressure inside the cavity 
21 should be set such that the ioniZation of the gas 24 is 
assured in consideration of the kind of gas 24 and the energy 
of the laser light LT1 actually irradiated on the gas 24. 

[0068] Also, it can be said from the above explanation that 
the main functions of the cavity 21 are enabling the laser 
light to irradiate on the gas 24 and enabling the light 
generated by the ioniZation of the gas 24 to irradiate to the 
outside, While maintaining the state in Which the gas 24 is 
sealed. Therefore, the objective lens 31 may be provided in 
a state of not being incorporated into the cavity 21 as long 
as a portion Which transmits the light is formed in the cavity 
21 such that the light condensed by, for example, the 
objective lens can be irradiated on the gas 24. 

[0069] An explanation is further made in this respect by 
referring to FIGS. 4A and 4B. The cavity 21 shoWn in FIG. 
2 can be shoWn as FIG. 4A. In FIG. 4A, the laser light LT1 
emitted from the semiconductor laser 10 is condensed by the 
objective lens 31 attached to the cavity 21, so that the light 
emitting point Ps can be obtained in the cavity 21. 

[0070] On the other hand, in case of FIG. 4B the objective 
lens 31 is provided betWeen the semiconductor laser 10 and 
a laser light LT1 incident surface of the cavity 21. In other 
Words, the cavity 21 and the objective lens 31 are not 
integrally formed but are provided individually. With this 
structure, also in this case, the laser light LT1 emitted from 
the semiconductor laser 10 is condensed by the objective 
lens 31, so that the light emitting point Ps can be obtained 
in the cavity 21. 

[0071] With respect to such modi?cation of the structure, 
the same explanation can also be applied to the collimate 
lens 32. HoWever, if the objective lens 31 and the collimate 
lens 32 are integrally formed to be incorporated into the 
cavity 21 as is the case of the embodiment of the present 
invention, the number of parts forming the light source 
apparatus unit 2 can be reduced as a result and it is possible 
to make the structure more simpli?ed and small-siZed. 

[0072] Furthermore, an example shoWn in FIG. 4C can 
also be employed, given that only a condensed state of the 
laser light LT1 as the light emitting point Ps needs to be 
obtained in the cavity 21 as a condition for obtaining the 
White light. 

[0073] That is, the objective lens 31 is omitted in this case 
and instead, a concave mirror 25 is formed on the surface in 
the cavity 21 Where the laser light LT1 is irradiated. 

[0074] The laser light LT1 projected from the semicon 
ductor laser 10 enters the cavity 21 and reaches the concave 
mirror 25 to be re?ected. The laser light LT1 re?ected by the 
concave mirror 25 is also condensed, so that the light 
emitting point Ps can be obtained in the cavity 21. 

[0075] Moreover, since a condition to ioniZe the gas 24 for 
the purpose of emitting the White light is that the laser light 
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having energy of ?xed level or more is irradiated on the gas 
24, a plurality of semiconductor lasers are, for example, used 
so that required energy can be collected by condensing laser 
light irradiated from those semiconductor lasers. 

[0076] That is, a plurality of semiconductor lasers are 
arranged outside the cavity 21. Then, laser lights irradiated 
from those semiconductor lasers are made to intersect at one 
point in the cavity 21. The point Where laser lights intersect 
is the light emitting point Ps and energy of the laser light of 
a ?xed level or more can be obtained, so that a light emitting 
phenomenon by the ioniZation can be acquired. In this case, 
Whether the objective lens is provided or not for a light path 
of each laser light should be appropriately determined in 
accordance With laser poWer being set to each semiconduc 
tor laser, the required energy of the laser light, and the like. 

[0077] Furthermore, even the shape of the cavity 21 is not 
necessarily a cube or rectangular parallelepiped shape as 
shoWn in FIG. 2, but it can be almost a sphere. 

[0078] Subsequently, an example of a structure of the 
monochromator/scanner unit 3 is explained referring to 
FIG. 3. The monochromator/scanner unit 3 is a unit to 
perform an image display using the White light LT2 Which 
is projected as a light source from the light source apparatus 
unit 2 shoWn in the above described FIG. 2. 

[0079] First, the White light LT2 projected as the light 
source from the light source apparatus unit 2 enters an 
objective lens 41 to be condensed as illustrated. A focal 
position of this objective lens 41 (focal length) is set so as 
to be positioned adjacent to a rear surface side of a trans 
missive screen 4, Where light entered the objective lens 41 
reaches through a light path explained later on. 

[0080] The White light LT2 projected from the objective 
lens 41 enters a diffraction grating 43 Which is attached 
?xedly to a ?rst table portion 42. 

[0081] The diffraction grating 43 has a Wavelength select 
ing property to select a band of Wavelength of re?ected light, 
in Which incident light is re?ected to be projected, in 
accordance With an incidence angle of the entering light. 
That is, different monochromatic light LT3 is selected and 
projected in accordance With the incidence angle of the 
entering light. 
[0082] The ?rst table portion 42 to Which this diffraction 
grating 43 is attached is circular in this case. In addition, the 
?rst table portion 42 is driven by a ?rst table drive portion 
50 to rotate in clockWise and counterclockwise directions, 
With an axis of the rotation at the center of the circular shape 
Within a predetermined range as indicated by an arroW A in 
the diagram. 

[0083] Corresponding to rotation of the ?rst table portion 
42 by the ?rst table drive unit 50 as described above, the 
incidence angle of the White light LT2 entering the diffrac 
tion grating 43 is changed. Accordingly, only a component 
of the monochromatic light LT3 Which is determined accord 
ing to the incidence angle is selected from the White light 
LT2 entered the diffraction grating 43 to be re?ected and 
projected. 

[0084] Hereupon, it is assumed that the range of rotation 
of the ?rst table portion 42 driven by the above described 
?rst table drive unit 50 is set to cover a Whole Wavelength 
band of visible light as the Wavelength selected by the 
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diffraction grating 43 (color of monochromatic light). With 
that, it is further assumed that the rotational movement of the 
?rst table portion 42 is performed in a continuous form. 

[0085] In this case, supposing that the rotational move 
ment of the ?rst table 42 is performed, the monochromatic 
light component Which is obtained as the re?ection light is 
changed continuously in the range of visible light. 

[0086] In other Words, according to the embodiment of the 
present invention, a monochromatic light of the Whole 
Wavelength band in the range of visible light can be obtained 
from the White light LT2. 

[0087] Further, in the White light LT2 projected from the 
light source apparatus unit 2 of the embodiment, a spectrum 
is distributed almost uniformly With respect to a band of 
visible light as also described in the above. Therefore, 
monochromatic light obtained from the White light LT2 as 
described above is also prevented from being dispersed With 
respect to the intensity depending on the band (Wavelength) 
thereof. In other Words, according to the embodiment of the 
present invention, arbitrary monochromatic light Which has 
no dispersion With respect to the intensity can be obtained as 
long as a structure to change the incidence angle of the White 
light LT2 on the diffraction grating 43 is adopted. Speci? 
cally, at a stage of the monochromatic light made by the 
diffraction grating 43, almost ?xed intensity balance can be 
obtained among the arbitrary monochromatic lights. 

[0088] Further, the ?rst table drive unit 50 in this case 
drives the ?rst table 42 such that a rotation angle of the ?rst 
table 42 is set based on, for example, color data correspond 
ing to each pixel inputted to the image display apparatus 1 
of the embodiment. 

[0089] Accordingly, the angle of the White light LT2 
incident on the diffraction grating 43, from Which mono 
chromatic light indicated by the color data can be obtained 
as the re?ection light, is determined unambiguously by the 
rotation angle of the ?rst table portion 42. The ?rst table 
drive unit 50 drives the ?rst table portion 42 to obtain this 
rotation angle. 

[0090] If the rotation angle of the ?rst table portion 42 is 
changed continuously as described above, a color change of 
the monochromatic light can also be obtained continuously. 
Accordingly, if only the resolution for controlling the rota 
tion angle in a portion consisting of the ?rst table drive unit 
50 and the ?rst table portion 42 is secured, the monochro 
matic light of an appropriate color corresponding to the 
resolution of color data can be secured Without difficulties. 

[0091] The monochromatic light LT3 projected as 
described above from the diffraction grating 43 enters a 
mirror 46 through a slit 45. 

[0092] The diffraction grating 43 of the embodiment has, 
for example, a character due to its structure, in Which 
another different Wavelength is selected in addition to an 
originally required Wavelength at a speci?c angle of the 
incident light. In order to cope With such a case, the slit 45 
is provided for not transmitting the above described another 
different Wavelength so that only the originally required 
Wavelength is made incident on the mirror 46. 

[0093] The monochromatic light LT3 re?ected by the 
mirror 46 is projected to the rear surface side of the 
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transmissive screen 4. A light spot projected to the rear 
surface side of the transmissive screen 4 becomes one pixel. 

[0094] Then, display image light LT4, Which is obtained in 
the above described transmissive screen 4, is to be formed 
by scanning the above described light spot as the pixel on the 
transmissive screen 4 in horiZontal and vertical directions, 
for example, at every predetermined ?eld image period. 

[0095] An operation of displaying the image to form the 
display image light LT4 in accordance With an input image 
signal is performed as folloWs. 

[0096] First, the color data indicating a color of each pixel 
is sequentially input to the ?rst table drive unit 50 at a 
predetermined timing. The ?rst table drive unit 50 drives the 
?rst table portion 42 to determine a rotational position 
thereof so that the angle of the White light LT2 incident on 
the diffraction grating 43 can be obtained according to the 
input color data. 

[0097] Concurrently, a second table drive unit 51 drives a 
second table portion 44 to rotate in accordance With a 
horiZontal scanning signal extracted from an input image 
signal. 

[0098] The second table portion 44 is attached to be 
capable of rotating in directions shoWn by an arroW B Within 
a predetermined range, With the ?rst table portion 42 
attached to be capable of rotating, for example. With a 
rotation and movement of this second table portion 44, a 
spot of the monochromatic light LT3 projected as the 
re?ection light from the diffraction grating 43 is made to 
move along an arroW C on the mirror 46. 

[0099] Such movement of the spot of the monochromatic 
light LT3 on the mirror 46 is obtained as a movement of the 
light spot in the horiZontal direction on the transmissive 
screen 4. That is, the horiZontal scanning is performed to 
form the display image light LT4. 

[0100] Also, the vertical scanning is performed as folloWs. 

[0101] Avertical scanning signal extracted from the image 
signal is input into a motor drive circuit 52. 

[0102] The motor drive circuit 52 controls driving of a 
motor 52 by controlling a rotation angle of a motor 47, and 
the mirror 46 is attached to a rotation axis of the motor 47 
as illustrated. 

[0103] Therefore, an angled position of a re?ective surface 
of the mirror 46 is changed according to the rotation of the 
motor 47, and the spot of the monochromatic light LT3 
irradiated on the transmissive screen 4 is made to move 
along a direction of an arroW D in this case. That is, the 
vertical scanning is performed so as to form the display 
image light LT4. 

[0104] Consequently, the display image light LT4 as the 
raster image in color can be obtained on the transmissive 
screen 4 by performing: the control of the rotational position 
of the ?rst table portion 42 according to the color data; the 
control of the rotational position of the second table portion 
44 according to the horiZontal scanning signal; and the 
control of the angled position of the mirror 46 according to 
the vertical scanning signal. Accordingly, a color image 
display is performed by a ?eld (frame) method. 
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[0105] In various kinds of, for example, conventional 
display apparatuses, a color of one pixel is expressed by 
using three primary colors such as R, G, and B as one set. 
In order to do so, one pixel portion is formed by driving, for 
example, one set of cells of adjacent three R, G and B. 

[0106] On the other hand, according to the embodiment of 
the present invention, since arbitrary monochromatic light 
LT3 Within the range of visible light can be obtained from 
the diffraction grating 44 as heretofore described, one pixel 
obtained on the transmissive screen 4 as the light spot 
represents a pixel itself expressing a color according to, for 
example, the color data. In other Words, according to the 
embodiment, the arbitrary monochromatic light can be 
obtained more easily Without a complicated design in con 
sideration of a balance of light emitting intensity or the like 
among the ?uorescent substance of R, G, and B. 

[0107] Furthermore, since the White light LT2 Which is a 
source of the monochromatic light LT3 has a uniform band 
level in the visible light band, in the embodiment there is no 
dispersion With respect to the intensity balance of color 
among the pixels displayed by the monochromatic light as 
described above. Accordingly, also the design in consider 
ation of imbalance among respective colors is not required. 

[0108] Moreover, the spot of the monochromatic light LT3 
obtained on the transmissive screen 4 is obtained by con 
densing the White light LT2 With the objective lens 41, and 
the White light LT2 has the light emitting source at the light 
emitting point Ps shoWn in FIG. 2. The siZe of the light 
emitting source is determined by the Wavelength of the laser 
light LT1 and the NA of the objective lens 31 as described 
above. 

[0109] Herein, in order to minimiZe the spot siZe on the 
transmissive screen 4, it is only necessary to set a distance 
of the light path such that the focal position of the objective 
lens 41 can be set at the rear surface of the transmissive 
screen 4. Then, due to the fact that the White light LT2 
incident on the objective lens 41 is obtained from the light 
emitting point Ps as the light emitting source, the spot siZe 
at the focal position of the objective lens 41 is also made to 
coincide With the siZe of light emitting source of the White 
light LT2. 

[0110] Accordingly, the spot siZe of the monochromatic 
light LT3 on the transmissive screen 4 can be made into the 
minimum siZe equivalent to the light emitting point Ps. 
Further, the spot siZe of the monochromatic light LT3 larger 
than that can be determined arbitrarily by changing the 
distance of the light path betWeen the objective lens 41 and 
the transmissive screen 4. 

[0111] As mentioned above, the siZe of the light emitting 
point Ps is in the range from several micrometers to less than 
one micrometer, and therefore, the siZe is even smaller in 
comparison With the case of a pixel having a siZe of several 
tens microns formed in, for example, another display appa 
ratus. In other Words, according to the image display appa 
ratus of the embodiment, it is possible to form a display 
image using a pixel smaller than before, and as a result a 
display image in higher resolution can easily be obtained. 

[0112] It should be noted that the structure of the mono 
chromator/scanner unit 3 mentioned above is only an 
example, and other structures can also be considered With 
respect to the drive to move the light spot to perform the 
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horiZontal/vertical scanning and the control for producing 
the monochromatic light or the like. For example, it is 
conceivable to adopt a technology called MEMS (Micro 
Electro Mechanical System) for those operations. Using 
MEMS technology, the monochromator/scanner unit 3 can 
be extremely small-siZed than the structure shoWn in FIG. 
3. 

[0113] Further, application of the light source apparatus 
unit 2 of the heretofore explained embodiment is not spe 
ci?cally limited to the image display apparatus having the 
structure explained above, and the light source apparatus 
unit 2 can be applied to other display apparatuses of various 
kinds Which need light sources, such as a liquid crystal 
display apparatus, a projector apparatus and the like, for 
example. Moreover, it can also be considered that the light 
source apparatus unit 2 is applied as other apparatus than a 
light source of a display apparatus. 

[0114] For example, the light source apparatus unit 2 
according to the embodiment of the present invention can be 
applied as a medical instrument. Speci?cally, an assumption 
is made to a case Where a certain affected part inside a body 
is such a part that absorbs only a certain speci?c Wavelength 
(spectrum), When White light is irradiated. In this case, an 
absorption spectrum of a local part, Which is obtained When 
the White light is condensed and irradiated on a human body, 
is measured by using the fact that the light source according 
to the present invention has a uniform band level in the 
visible light band. Based on the result of the measurement 
and also a spectrum absorption characteristic Which is 
distinctive to every affected part, it is possible to specify 
What kind of symptom this affected part is suffered from. 
Thus, the light source of the present invention is suitable as 
a light irradiating unit of an apparatus for detecting and 
inspecting the affected part. 

[0115] Further, the light source apparatus of the present 
invention can be used, When considering such an image 
formation apparatus that uses a chemical reaction obtained 
by irradiating light on a ?lm, paper, membrane and the like 
to Which a silver halide is coated. In this case, since the spot 
siZe obtained by condensing the White light from the light 
source apparatus according to the present invention is very 
small, it is possible to form minute images and patterns. 
Furthermore, since the spectrum distribution of the White 
light is uniform, arbitrary visible light can also be obtained 
easily. In other Words, it is possible to obtain the image 
formation apparatus in Which a color selection and minia 
turiZation can be easily made, When an image is formed. 

[0116] As explained hereinabove, the light source appa 
ratus of the present invention projects, as a light source, 
White light Which can be obtained accompanied by the 
ioniZation of a gas generated by laser light emitted from a 
semiconductor laser. In this case, a siZe of a light emitting 
point is determined by a Wavelength of the laser light and a 
degree of convergence of the laser light When it is condensed 
to an energy level suf?cient for making the gas ioniZe. Then, 
a light emitting point obtained in this manner is extremely 
small and can be treated practically as a point light source. 

[0117] Further, the White light obtained in this manner has 
a uniform band level in the visible light band. 

[0118] Further, although an operating life of the light 
source apparatus depends mostly on a life of the semicon 
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ductor laser in case of the light source apparatus having such 
structure, the life of the semiconductor laser is considerably 
long and therefore, the light source apparatus also has a 
longer operating life. Particularly, since considerable deg 
radation does not occur even if the semiconductor laser is, 
for example, driven ON/ OFF With a high frequency, the long 
life can be secured even When such high frequency driving 
is required. 

[0119] Furthermore, as the light source apparatus of the 
present invention, since at least the semiconductor laser and 
a structure for making the laser light of this semiconductor 
laser incident on a sealed gas With required energy or more 
are necessary, the structure of the apparatus can be simpli 
?ed greatly. Accordingly, a reduction in cost becomes pos 
sible and also ?exibility in a structure becomes large. 
Moreover, since the semiconductor laser is driven, loWer 
poWer consumption can be expected than a case in Which 
another light source is driven. 

[0120] Further, in the image display apparatus of the 
present invention Which uses, as a light source, White light 
obtained from such light source apparatus, monochromatic 
light is taken out of the White light of the light source and an 
image is displayed using this taken-out monochromatic 
light. 
[0121] Accordingly, since the monochromatic light is 
taken out from the White light having a uniform band level 
of visible light in the image display apparatus of the present 
invention, almost uniform light emitting intensity is 
obtained as the taken-out monochromatic light regardless of 
the Wavelength band. In other Words, there is no need to 
take, for example, the dispersion With respect to character 
istics of a ?uorescent substance or the like into consideration 
and an image having a favorable balance of color can be 
displayed. 

[0122] Furthermore, in this case, the White light as the 
light source is a point light source and therefore, a spot siZe 
of the monochromatic light taken out from this White light 
can be made small even to the siZe of the original point light 
source if it is made to be condensed or so by a lens or the 
like, for example. Since the spot siZe of the monochromatic 
light corresponds to a siZe of a pixel Which forms a display 
image, it becomes also possible to easily form an image of 
very high resolution according to the present invention. 

[0123] Having described preferred embodiments of the 
invention With reference to the accompanying draWings, it is 
to be understood that the invention is not limited to those 
precise embodiments and that various changes and modi? 
cations could be effected therein by one skilled in the art 
Without departing from the spirit or scope of the invention as 
de?ned in the appended claims. 

1. A light source apparatus comprising: 

a semiconductor laser, 

laser driving means for driving said semiconductor laser 
to emit laser light, and 

a light emitting unit on Which the laser light emitted from 
said semiconductor laser is incident and in Which a gas 
that excites an emission of White light in accordance 
With an irradiation of the laser light having a predeter 
mined energy is sealed to irradiate said White light as a 
light source. 
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2. An image display apparatus comprising; 

a light source unit; and 

an image display unit Where light projected from the light 
source unit enters as a light source to perform an image 
display, Wherein 

said light source unit includes: 

a semiconductor laser, 

laser driving means for driving said semiconductor laser 
to emit laser light, and 

a light emitting unit on Which the laser light emitted from 
said semiconductor laser is incident and in Which a gas 
that excites an emission of White light in accordance 
With an irradiation of the laser light having a predeter 
mined energy is sealed to irradiate said White light as a 
light source; and 

said image display unit includes: 

monochromatic light generating means for generating 
monochromatic light of a predetermined color from 
said incident White light as the light source, and 

image light generating means for generating visually 
recognizable image light from the monochromatic light 
generated by said monochromatic light generating 
means. 

Dec. 2, 2004 

3. The image display apparatus according to claim 2, 
Wherein 

said monochromatic light generating means comprises a 
diffraction grating Which re?ects and projects variable 
monochromatic light in accordance With an incidence 
angle of light. 

4. The image display apparatus according to claim 2, 
Wherein 

said image light generating means comprises: 

a screen; and 

lens means that has a predetermined focal length so that 
the light irradiated on said screen from said light source 
unit through said image light generating means has a 
predetermined spot siZe and is provided at a required 
position. 

5. The image display apparatus according to claim 4, 
Wherein 

said image light generating means further comprises: 

horiZontal scanning means for performing a horiZontal 
scan With respect to the light irradiated on said screen; 
and 

vertical scanning means for performing a vertical scan 
With respect to the light irradiated on said screen. 

* * * * * 


